ABSTRACT
MATERIALS AND METHODS:
We performed a comprehensive literature search of all studies examining the prevalence of primitive basal vein of Rosenthal drainage in patients with aneurysmal SAH and nonaneurysmal perimesencephalic SAH. Data collected were primitive basal vein of Rosenthal drainage (direct connection of perimesencephalic veins into the dural sinuses instead of the Galenic system) in at least 1 cerebral hemisphere, normal bilateral basal vein of Rosenthal drainage systems, and the number of overall primitive venous systems in the nonaneurysmal perimesencephalic SAH and aneurysmal SAH groups. Statistical analysis was performed by using a random-effects meta-analysis.
RESULTS:
Eight studies with 888 patients (334 with nonaneurysmal perimesencephalic SAH and 554 with aneurysmal SAH) and 1657 individual venous systems were included. Patients with nonaneurysmal perimesencephalic SAH were more likely to have a primitive basal vein of Rosenthal drainage in at least 1 hemisphere (47.7% versus 22.1%; OR, 3.31; 95% CI, 2.15-5.08; P Ͻ .01) and were less likely to have bilateral normal basal vein of Rosenthal drainage systems than patients with aneurysmal SAH (18.3% versus 37.4%; OR, 0.27; 95% CI, 0.14 -0.52; P Ͻ .01). When we considered individual venous systems, there were higher rates of primitive venous systems in patients with nonaneurysmal perimesencephalic SAH than in patients with aneurysmal SAH (34.9% versus 15.3%; OR, 3.90; 95% CI, 2.37-6.43; P Ͻ .01).
CONCLUSIONS:
Patients with nonaneurysmal perimesencephalic SAH have a higher prevalence of primitive basal vein of Rosenthal drainage in at least 1 hemisphere than patients with aneurysmal SAH. This finding suggests a venous origin of some nonaneurysmal perimesencephalic SAHs. A primitive basal vein of Rosenthal pattern is an imaging finding that has the potential to facilitate the diagnosis of nonaneurysmal perimesencephalic SAH.
ABBREVIATIONS: aSAH ϭ aneurysmal subarachnoid hemorrhage; BVR ϭ basal vein of Rosenthal; NAPH ϭ nonaneurysmal perimesencephalic subarachnoid hemorrhage N onaneurysmal perimesencephalic subarachnoid hemorrhage (NAPH) represents approximately 10%-15% of all spontaneous SAH cases. [1] [2] [3] [4] [5] NAPHs are characterized by the absence of an aneurysm or other source of bleeding on 4-vessel digital subtraction angiography and subarachnoid blood located predominantly in the perimesencephalic cistern (Fig 1) . 1, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] The prognosis for NAPH is usually much better than that of aneurysmal subarachnoid hemorrhage (aSAH), with a benign clinical course and low risk of rebleeding or vasospasm. 13, 16, [18] [19] [20] [21] The cause and the mechanisms of bleeding have yet to be established. Many different sources of bleeding have been proposed, including microaneurysm or microangioma, rupture of pontine perforating arteries, bleeding from perimesencephalic or deep internal veins, or hemorrhage from basilar trunk dissections and intramural hematoma. 13, [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] Other studies have suggested a possible link between abnormal drainage of the basal vein of Rosenthal (BVR) and NAPH. 33, [36] [37] [38] [39] [40] [41] Because of the rarity of this pathology, most series reporting BVR drainage in patients with NAPH are small retrospective single-center case series. Thus, the exact link between abnormal BVR drainage and NAPH has yet to be established. Because of this lack of information, we performed a systematic review and metaanalysis of studies examining BVR drainage patterns in patients with NAPH compared with those with aSAH. The deep cerebral venous drainage patterns are classified as the following: Type A or "normal continuous," in which the basal vein of Rosenthal is continuous with the deep middle cerebral vein and drains mainly into the vein of Galen; Type B or "normal discontinuous," in which there is discontinuous dual drainage, both anterior to the uncal veins and posterior to the vein of Galen; and Type C or "primitive," which drains directly into the dural sinuses instead of the Galenic system. Types A and B are considered normal variant patterns, whereas Type C or primitive venous drainage is considered abnormal. 33, 40 Illustrations of the 3 drainage patterns are provided in Fig 2. 
MATERIALS AND METHODS

Literature Search
We identified all studies published between 1980 and September 2015 that reported BVR drainage in patients with NAPH and aSAH. A comprehensive literature search of the data bases PubMed, Ovid MEDLINE, and Ovid EMBASE was designed and conducted by an experienced librarian with input from the authors. The key words "perimesencephalic," "subarachnoid hemorrhage," "basal vein," "Rosenthal," and "drainage" were used in both "AND" and "OR" combinations. Studies were selected by using the following criteria: 1) NAPH, 2) involving subjects 18 years of age or older, 3) with available data on venous drainage by using the above-defined criteria, 4) comparing venous drainage to patients with aneurysmal SAH, 5) retrospective or prospective studies with at least 3 patients, and 6) published in English. Two authors separately searched the data base and selected potentially relevant articles based on the title and abstract and obtained the full text for detailed review. We also searched the reference lists of retrieved articles and published review articles for additional studies. We screened duplicate publications that drew on the same datasets (ie, data overlapping with those in other included studies). In duplicate publications, only those with the most complete data were included. The included stud- ies reported the definition of NAPH with homogeneity as an accumulation of subarachnoid blood predominantly in the perimesencephalic cisterns with the center of the hemorrhage located in front of the mesencephalon without blood in the interhemispheric and lateral Sylvian fissures (except minute amounts) and no important intraventricular hemorrhage (Fig 1) , 1 and absence of an aneurysm or other source of bleeding identified on arterial imaging including DSA. All the studies reported the venous drainage patterns on diagnostic cerebral angiography according to the 3 grades previously described as Type A (normal continuous), in which the BVR is continuous with the deep middle cerebral vein and drains mainly into the vein of Galen; Type B (normal discontinuous), in which there is discontinuous venous drainage anterior to the uncal vein and posterior to the vein of Galen; and Type C (primitive variant), in which there is drainage mainly to veins other than the vein of Galen. These include perimesencephalic veins draining into the superior petrosal sinus or the BVR draining directly into the transverse or straight sinus. 33, 40 Illustrations of the 3 drainage patterns are provided in Fig 2. Data were extracted independently by 2 authors by using a standardized form, and any disagreement was resolved by consensus. We did not contact the authors of the studies to request incomplete or unpublished data. For each study, we extracted the following data: patient demographics, number patients with at least 1 primitive (Type C) BVR drainage pattern, number of patients with a Type A bilateral BVR drainage pattern, and number of venous systems with primitive (Type C) drainage. Comparisons were performed between patients with NAPH versus those with aSAH.
Statistical Analysis
All included studies were comparative. Meta-analysis results were expressed as an odds ratio for binary outcomes by using a random-effects meta-analysis. 42 For all outcomes, we quantified between-study heterogeneity by creating forest plots and calculating the I 2 statistic. 43 We explored the impact of publication bias by constructing funnel plots and testing their symmetry with the Egger test.
Risk-of-Bias Assessment
Risk-of-bias assessment was performed by using the NewcastleOttawa Scale. This tool is used for assessing the risk of bias of nonrandomized studies included in systematic reviews or metaanalyses. Each study is judged on 8 items categorized into 3 groups: 1) selection of the study groups, 2) comparability of the study groups, and 3) ascertainment of the outcome of interest.
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RESULTS
Literature Review
The initial literature search yielded 243 articles. On initial abstract and title review, 221 were excluded because they were deemed not relevant to our study. Full texts of the remaining 22 articles were retrieved. Of these, 14 were excluded because they were either case reports, review articles, or did not provide data on the predefined study outcomes.
In total, 8 studies with 334 patients with NAPH and 554 with aSAH were included. The definition of NAPH was similar between studies. This total represented 1657 individual venous systems. A summary of included studies is provided in the On-line Table. Of the 334 patients with NAPH, 61 (18.3%) had normal (Type A) bilateral BVR drainage and 166 (49.7%) had primitive (Type C) BVR drainage in at least 1 hemisphere. Of the 630 venous systems analyzed in patients with NAPH, 220 (34.9%) were abnormal (Type C). Of the 554 patients with aSAH, 207/554 (37.4%) had normal (Type A) bilateral BVR drainage and 75/340 (22.1%) had primitive (Type C) BVR drainage in at least 1 hemisphere. Of the 1027 venous systems analyzed in patients with aSAH, 157 (15.3%) were abnormal (Type C).
Venous Drainage Pattern in Patients with NAPH versus Those with aSAH
Patients with NAPH had lower rates of normal bilateral BVR drainage than those with aSAH (18.3% versus 37.4%; OR, 0.27; 95% CI, 0.14 -0.52; P Ͻ .01) but higher rates of the primitive BVR drainage pattern in at least 1 hemisphere (47.7% versus 22.1%; OR, 3.31; 95% CI, 2.15-5.08; P Ͻ .01). Considered individually, there were higher rates of abnormal venous systems in patients with NAPH than in those with aSAH (34.9% versus 15.3%) with an odds ratio of 3.90 (95% CI, 2.37-6.43; P Ͻ .01). These data are summarized in the Table. Forest plots are provided in Fig 3A-C. 
Risk of Bias
All studies had a low risk of bias. In all studies, the NAPH and aSAH groups were selected from a consecutive series of patients with angiographically confirmed presence or absence of intracranial aneurysm. Venous drainage patterns were assessed by using diagnostic cerebral angiography in all cases. Study groups were comparable, with no significant differences in baseline characteristics between groups. The ascertainment of the outcome of interest was satisfactory in all studies because readers were blinded to the nature of the patients' SAHs.
I 2 values for meta-analysis demonstrated fair homogeneity for the outcome "patients with at least 1 primitive BVR drainage pattern" (I 2 statistics ϭ 29%) and substantial heterogeneity for the outcomes "patients with a normal bilateral BVR drainage pattern" (I 2 statistics ϭ 57%) and "abnormal BVR drainage by venous system" (I 2 statistics ϭ 70%).
No evidence of publication bias was observed on the basis of the Egger test (P Ͼ .05 for all 3 outcomes). Funnel plots are provided in On-line Fig 1. 
Meta-analysis: comparison of BVR drainage patterns in patients with NAPH versus aSAH
DISCUSSION
Our meta-analysis demonstrated that patients with NAPH were more likely to have primitive BVR drainage in at least 1 hemisphere and were less likely to have bilateral normal BVR drainage systems. Regarding individual venous systems, there were higher rates of abnormal venous systems in patients with NAPHs than in those with aSAH. Overall, these findings suggest that the occurrence of some NAPHs is associated with the primitive drainage pattern of the BVR. While the diagnosis of NAPH is still a diagnosis of exclusion, the radiologic identification of a primitive drainage pattern in case of SAH could help affirm the diagnosis of NAPH in some cases. The deep venous system of the brain is composed of the internal cerebral vein, the great vein of Galen, the BVR, and their respective tributaries. 45, 46 Anatomically, the BVR begins just anterior to the midbrain near the anterior perforated substance, runs around the brain stem, and terminates posteriorly, usually into the Galenic system via the great vein of Galen. 47 The BVR may also drain into the straight sinus or the internal cerebral veins. Embryologically, the BVR is not one of the original pial veins but is rather a secondary vessel formed by longitudinal anastomoses of 3 primitive veins during development: the telencephalic, diencephalic, and mesencephalic veins. 48 In the early embryonic stage, these primitive veins drain into the tentorial sinuses. Later, many channels draining into the tentorial sinus usually spontaneously obliterate with a secondarily posteromedial and superior drainage of the BVR into the Galenic venous system via the anastomotic channels. However, discontinuity due to maldevelopment of longitudinal anastomoses of the 3 primitive veins during the embryologic stages could lead to posterolateral and inferior drainage of the BVR into the transverse sinus via the tentorial sinus as a more primitive form. [47] [48] [49] [50] This meta-analysis confirms that compared with patients with aSAH, those with NAPH had more primitive forms of the BVR, including primitive venous drainage directly into dural sinuses (the cavernous sinus via the uncal vein, the superior petrosal sinus via the tentorial sinus, or the perimesencephalic vein) instead of into the Galenic system. 33, 36, 38 These findings suggest that the primitive drainage pattern of the BVR is a risk factor for NAPH in some cases. 39 There are a number of reasons why a primitive venous pattern could be associated with NAPH. The direct connection of perimesencephalic veins with the dural sinuses may predispose to sudden increases in venous pressure with engorgement and rupture of the veins as a result. 33, 36, 39 Intracranial venous congestion caused by straining might tear a vein fixed to a dural sinus or cause abrupt swelling of the tributaries of the BVR in patients with the primitive pattern. 1, 33, 51 Any stimulus similar to the Valsalva maneuver increases intrathoracic pressure, which blocks the internal jugular venous return and results in elevated intracranial venous pressure or mechanical swelling of intracranial veins and potentially leads to venous or capillary breakdown. 39 In addition, some of the primitive veins circulate across the tentorial margin, exposing them to torsion or friction and making them even more prone to rupture where they cross the tentorial margin. 1, 51 Lending further support to the idea that this anatomic variant is a potential culprit in NAPH is a study by van der Schaaff et al, 38 which demonstrated that in patients with unilateral primitive drainage, blood primarily extravasated on the side of the primitive drainage. The BVR caliber may also have an etiologic role in patients who experience NAPH as suggested by Buyukkaya et al, 41 who identified a relationship between low-calibration BVR and NAPH in patients with normal drainage patterns. However, if aberrant drainage patterns are somehow linked to NAPH, it is surprising that the incidence of rebleeding is very low because anatomic venous drainage patterns are not likely to change after bleeding.
52-56 However, this low rebleeding rate could be explained by spontaneous healing of the venous rupture by fibrous tissue reaction, which could reinforce the wall of the vein, as speculated by Matsumaru et al. 33 ,51
Strengths and Limitations
The strengths of this study include following a protocol established a priori, a comprehensive literature search that involved multiple databases, and the process of study selection performed by independent reviewers. The main limitation of this analysis is that most studies did not include a control group of patients without hemorrhage. Thus, we could not determine whether patients with NAPH are more likely than healthy controls to have abnormal venous drainage patterns. I 2 values for meta-analysis demonstrated fair homogeneity for the outcome "patients with at least 1 primitive BVR drainage pattern" and substantial heterogeneity for the outcomes "patients with normal bilateral BVR drainage pattern" and "abnormal BVR drainage by venous system," which could affect the results of our meta-analysis. Publication bias is a limitation of many meta-analyses. However, we did not detect any publication bias based on funnel plots and Egger tests.
CONCLUSIONS
NAPH is associated with the presence of a primitive variant pattern of BVR drainage with direct connection of perimesencephalic veins in the dural sinuses in at least 1 hemisphere. These results support a venous origin of some NAPHs. A primitive BVR pattern could represent an imaging argument to affirm the diagnosis of NAPH in some cases. 
